We use diffractive parton distributions obtained from fits to the diffractive structure function measured at HERA to predict cross sections for single diffractive Higgs production at the LHC. The dominant background processes are also considered. Although some 5% -15% of Higgs events are predicted to be diffractive in this model, the ratio of signal to background is not significantly improved.
The fact that a significant fraction of deep inelastic scattering events seen at the HERA ep collider have a diffractive ('rapidity gap') structure has led to suggestions that 'hard diffractive scattering' may be a relatively common occurrence at high-energy leptonhadron and hadron-hadron colliders and, furthermore, that such diffractive topologies may help to enhance certain new physics signals over backgrounds. In this letter we wish to explore further the idea [1, 2] that single diffractive production may be a useful additional tool for identifying the Higgs boson at the LHC.
An important property of the HERA diffractive deep inelastic scattering events [3] is the approximate factorization of the structure function F D 2 (integrated over t) into a function of x P times a function of ξ = x Bj /x P :
2 ). This property, together with the observed rapidity-gap topology of the events, strongly suggests that the deep inelastic scattering takes place off a slow-moving colourless target P 'emitted' by the proton, p → Pp, and with a fraction x P ≪ 1 of its momentum. If this emission is described by a universal flux function f P (x P , t)dx P dt, then the diffractive structure function F D 2 is simply a product of this and the structure function of the colourless object, F P 2 (ξ, Q 2 ). Since the scattering evidently takes place off point-like charged objects, we may write the latter as a sum over quark-parton distributions, i.e. F P 2 (ξ, Q 2 ) = ξ q e 2P (ξ, Q 2 ), in leading order. In this way we obtain a model for the diffractive parton distributions: df q/p (x, µ 2 ; x P , t)
If one assumes further that the colour-neutral target is the Regge pomeron, then the emission factor f P is already known from soft hadronic physics (for a review see Ref. [4] ): f P I (x P I , t) = F P I (t)(x P I ) 2α P I (t)−1 , which gives a factorized structure function with n ≈ 2α P I (0)− 1 ≈ 1.16. This model is based on the notion of 'parton constituents in the pomeron' first proposed by Ingelman and Schlein [5] and supported by data from UA8 [6] . In such a model, a modest amount of factorization breaking, such as that observed in the more recent H1 and ZEUS analyses [7, 8] , could be accommodated by invoking a sum over Regge trajectories, each with a different intercept and structure function, see for example Ref. [9] . In the present study we assume, for simplicity, pomeron exchange only and use the parametrization of Ref. [10] for α P I (t) and F P I (t). The x P I dependence of the diffractive structure function predicted by this type of 'soft pomeron' model is roughly consistent within errors with the H1 [7] and ZEUS [8] data, although there is some indication that a somewhat steeper x P I dependence is preferred. Although the above picture of deep inelastic scattering taking place off hard parton constituents in a 'soft' pomeron gives a good description of the HERA data, the generalization to other hard scattering processes, and in particular the concept of 'universal pomeron structure' is on a much less firmer theoretical footing, see for example Ref. [11] . One of the cleanest processes to test this hypothesis would appear to be diffractive W ± and Z 0 production at the Tevatron, i.e. pp collisions at √ s = 1.8 TeV [12, 13] . According to Ref. [13] , some 7% of W events should exhibit a single diffractive structure, that is with a rapidity gap in either the forward or backward hemispheres. The experimental situation is as yet unclear, see for example Ref. [14] . Using the same factorization hypothesis, diffractive heavy flavour production at hadron colliders was studied in Ref. [15] .
In the present study we assume that the universal pomeron structure picture is valid, and use the quantitative information on diffractive parton distributions, extracted from HERA F D 2 data as in Ref. [13] , to predict (single) diffractive Higgs cross sections at LHC, that is Higgs production with a large rapidity gap in one hemisphere. 1 The process is depicted in Fig. 1 . This model of diffractive Higgs production was first studied in Ref. [1] . Recently, it has been suggested [2] that triggering on single or double diffractive events may provide a cleaner environment for discovering Higgs bosons produced via gg → H. The argument is that gluons should be more copious in the pomeron, thus enhancing the Higgs signal relative to the background. However when assessing the usefulness of the single diffractive cross section in enhancing the Higgs signal, it is equally important to consider the corresponding single diffractive background processes. Naively, one might argue that since the important backgrounds originate in quark-antiquark annihilation (qq → γγ, ZZ) the gluon-rich pomeron may indeed enhance the signal to background ratio. However, care is needed with this argument. Higgs production probes parton distributions at a scale
H , much larger than the typical Q 2 scales of diffractive deep inelastic scattering at HERA. Perturbative DGLAP evolution of the diffractive parton distributions to these high scales gives rise to a mixing of the quark and gluon distributions such that, for example, a large g/q ratio at small scales is washed out at higher scales. It is a priori not clear, therefore, that the signal to background ratio is enhanced in diffractive events. It is precisely this question that we wish to study here, using the three models of pomeron structure presented in Ref. [13] .
In the following we shall present numerical results for single diffractive Higgs production at the future CERN LHC collider ( √ s = 14 TeV) with the underlying parton distributions of the pomeron as presented in [13] . These three pomeron models are obtained from fits to HERA measurements of the diffractive structure function F D 2 (x, Q 2 ; x P I , t) [17, 18] , and are described in detail in Ref. [13] . In the present context, the most important distinguishing feature of the models is the gluon distribution in the pomeron, which differs significantly between them. In summary:
Model 1: At Q 0 = 2 GeV the pomeron is entirely composed of quarks. Gluons are dynamically generated via DGLAP evolution.
Model 2: A mix of quarks and gluons at the starting scale Q 0 .
Model 3:
A predominantly hard gluonic content at the starting scale, the gluons in the pomeron carry large fractional momenta on average.
The Q 2 evolution of the gluon distributions ξf g/P I (ξ, Q 2 ), with ξ = x/x P I , for the three models is shown in Fig. 2 . The quark distributions are comparable for all three models, being constrained by the HERA data, which explains why the cross sections for diffractive W ± and Z production (via→ W, Z) are rather similar in the three models [13] , in contrast to the Higgs cross sections to be presented below.
The dominant mechanism for Higgs production at the LHC is gluon-gluon fusion via a top quark loop, see for example Ref. [19] .
2 The leading-order cross section is given by [20] dσ dy
for a Higgs boson of mass M H and rapidity y H . The function I in (2) can be approximated by
The longitudinal momentum fractions of the gluons inside the colliding protons are
The single diffractive Higgs cross section is obtained from (2) by replacing one of the f g/p by the corresponding diffractive parton distribution, i.e.
where
with df g/p /dx P I dt given by Eq. (1). In the calculations which follow, the integration ranges are taken to be 0
For the parton distributions f i/p (x, Q 2 ) in the proton we use the MRS(A ′ ) set of partons [21] , with QCD scale parameter Λ N f =4 MS = 231 MeV, which corresponds to α S (M 2 Z ) = 0.113. At the level of accuracy to which we are working, all modern parton distribution sets give essentially the same results. The renormalization/factorization scale is chosen to be
H . We use leading-order expressions for the signal and background cross sections, since our primary interest is in the ratio of diffractive to total cross sections, which should not be significantly affected by higher-order corrections to the basic subprocesses. In any case, the diffractive parton distribution fits to the deep inelastic data do not yet require NLO corrections.
The 22] subprocesses. Note that these provide lower bounds to the background cross sections, since reducible backgrounds from e.g. qg → γq(q → γ, π 0 , . . .) can also be important in practice, see for example Ref. [23] . In what follows we will ignore these additional contributions, assuming that they can be suppressed by photon isolation cuts. For larger Higgs masses, i.e. for M H > 2M Z , the important decay channel is H → ZZ → 4l ± , with Br(H → ZZ) ≈ 0.3 [19] . In this range, the dominant irreducible background is from→ ZZ.
In Fig. 3a we show the total (2) and single diffractive (5) Higgs cross sections, the latter calculated using the three sets of pomeron parton distributions of Ref. [13] . As expected, Model 3 with the largest gluon gives the largest diffractive cross section. Model 1 has no gluons at all at the starting scale Q 0 = 2 GeV; gluons are dynamically created via DGLAP evolution at higher values of Q. However, the gluon distribution remains quite small compared to Models 2 and 3. Taking the models together, we see that between approximately 2% and 15% of Higgs events are expected to be singly diffractive.
3 Our results for the single diffractive and total Higgs cross sections are consistent with those obtained in Ref. [2] using similar models. Fig. 3b shows the γγ background for the lower part of the mass range, with M H now replaced by the γγ invariant mass M γγ . Note that in both Figs. 3a and 3b we impose a cut of |y γ | ≤ 2 to approximately account for the experimental acceptance. As the inset in Fig. 3b shows, the gluon-gluon fusion process dominates for very small M γγ where small parton momentum fractions are probed. Thesubprocess dominates at large M γγ . The corresponding single diffractive cross sections are again largest for the gluon-richer pomeron models, in particular Model 3. However, even the gluon-poor Model 1 becomes comparable to Model 2 due to the increasingcontribution to the cross section at large M γγ .
The ZZ backgrounds, relevant for higher Higgs masses, are shown in Fig. 4b . We see that in contrast to the γγ backgrounds of Fig. 3b , all three pomeron models give comparable diffractive cross sections over the entire M ZZ range. This is because the diffractive quark distributions are constrained to be the same by the HERA F D 2 data. Before discussing the single diffractive ratios of the signal and background processes, 3 Recall that we impose a cut x P I ≤ 0.1 when calculating the diffractive cross sections.
it is interesting to study in more detail the kinematics of diffractive Higgs production, in particular the typical values of the various momentum fractions in the calculation. Thus in Fig. 5 we show the average gluon momentum fraction x inside the pomeron, the momentum fraction x P I of the pomeron and the average value of the variable ξ with ξ = x/x P I , as a function of M H . The calculation of these quantities allows the Higgs cross sections in the different models to be related to the parton distributions of Fig. 2 . The gluon momentum fraction shows the typical x ∝ M H / √ s behaviour which follows from the input x 1,2 = (M H / √ s)e ±y H for the momentum fractions of the gluons in gg → H, Eq. (2). The fractional pomeron momentum is of course constrained to be x P I ≤ 0.1 and it stays very close to this upper limit throughout the complete range of M H . It exhibits an almost linear but very weak M H dependence for M H ≥ 100 GeV: x P I ∼ 3.2 × 10 −5 M H . The relevant variable for comparison with the parton distributions in Fig. 2 is ξ = x/x P I . For light Higgs masses the values for ξ are small, ( ξ < 0.1 for M H < 100 GeV). In this region of Q = M H Models 2 and 3 (cf. Figs. 2b and 2c ) have approximately the same gluon content, which explains the similarity of the corresponding diffractive cross sections in Fig. 3a . For higher values of M H , the difference between Model 2 and Model 3 becomes more apparent: the gluon distribution in Model 3 remains roughly constant, while that of Model 2 decreases for higher values of M H and ξ. This explains the differences between Models 2 and 3 in Figs. 3a and 4a. We assume that the kinematics illustrated in Fig. 5 for the Higgs cross sections are also valid for the γγ and ZZ backgrounds at the equivalent invariant mass.
Finally we present the single diffractive ratios R SD = σ SD /σ for the signal (pp → H + X) and background contributions (pp → γγ + X, pp → ZZ + X) to see whether the signal to background ratio is indeed enhanced by the gluon-rich pomeron. Fig. 6a shows the ratios for the Higgs mass range M H ≤ 200 GeV. For the gluon-rich Models 2 or 3, there is indeed a slight enhancement of R SD for the signal compared to the background, for example in Model 3 for a Higgs mass of M H = 100 GeV we find R SD H ∼ 14% compared to R SD γγ ∼ 11%. The enhancement persists over the whole Higgs mass range. For the gluonpoor Model 1, where the gluons are dynamically produced by DGLAP evolution, the background ratio is larger than the signal ratio for M H > 70 GeV. This small enhancement has to be contrasted with the (at least) factor of 5 loss in the overall production rate.
The situation becomes even more dramatic if we go to higher Higgs masses (200 GeV≤ M H ≤ 1000 GeV) as shown in Fig. 6b . In this case the important background to Higgs production is direct ZZ pair production via quark-antiquark annihilation, as discussed above. As expected, in Model 1 the background ratio exceeds the signal ratio by a large factor (≈ 6 for M H = 200 GeV). Even the gluon-richer Model 2 yields a higher background contribution for M H < 350 GeV. Only at higher masses (i.e. evolution scales) are enough additional gluons produced to enhance the signal. Only the very gluon-rich Model 3, with enough gluons even at low scales, allows for a dominant signal ratio throughout the entire mass range.
In conclusion, we have calculated single diffractive Higgs cross sections for the LHC using diffractive parton distributions based on quark and gluon constituents of the pomeron, fitted to HERA F D 2 data. In particular, we have considered three models which differ in the relative amounts of quarks and gluons. If the pomeron is gluon-rich, then between 5% and 15% (depending on the Higgs mass) of Higgs events should have a single diffractive structure. Assuming the overall validity of this 'universal pomeron structure' model, more precise measurements of F D 2 at HERA will allow more accurate predictions. However we have also shown that there is no significant enhancement of the signal to background ratio in such diffractive events. DGLAP evolution to high scales Q ∼ M H automatically generates a mixture of diffractive quark and gluon distributions, and so the background processes qq, gg → γγ and→ ZZ also have a large diffractive component. It is not clear, therefore, that there is any advantage in searching for Higgs bosons at the LHC in events with rapidity gaps. The Q 2 evolution of the gluon distributions ξf g/P I (ξ, Q 2 ) in the three different pomeron structure models of Ref. [13] . 
